UN TED STATES MAR NE QORPS
Logi stics (perations School
Mari ne Gorps Gonbat Servi ce Support School s
Trai ni ng Cormand
PSC Box 20041
Canp Lej eune, North Garoli na 28542- 0041

LVaM 7211

STUDENT QJTLI NE

MANTAIN THE LVS HYDRALLI C STEHER NG SYSTEM

LEARN NG ABIJECTI VES

1. Termnal Learning (pjective: Q@Gven an LVS TM2320-20/ 12A TM 2320-
34/ 13A tools, and equi pnent, performsecond echel on nai nt enance on the LVS
hydraul i c steering system per the references. (3521.13.21)

2. Enabling Learning (bj ecti ves:

a. GQven an LVS TM2320-20/ 12A TM 2320-34/ 13A tools, and equi pnent,
i nspect the hydraulic steering systemconponents for serviceability, per the
references. (3521.13. 21f)

b. Gven T™M2320-20/ 12A, TM 2320- 34/ 13A, and partial statenents
pertaining to the LVS hydraul i c steering system conplete the parti al
statenents to describe the procedures used to di agnose a nal functi oni ng
hydraul i c steering system per the references. (3521.13.21Q)

c. Qven an LVS TM2320-20/ 12A, TM 2320- 34/ 13A tool s, and equi pnent,
test the hydraulic steering system per the references. (3521.13.21h)

d. Gdven an LVS TM2320-20/ 12A, TM 2320- 34/ 13A tool s, and equi pnent,
repair the hydraulic steering system per the references. (3521.13.21i)

e. QGQven an LVS TM2320-20/ 12A, TM 2320- 34/ 13A tool s, and equi pnent,
adjust the hydraulic steering system per the references. (3521.13.21j)

QUTLI NE

1. 1DENTTHCATION LGCATIAN  AND AUNCTT ON GF THE GOMPONENTS BEMPLOYED | N THE
MK48 HYCRALLI C STHR NG SYSTEM

a. Hydraulic Reservoir. The hydraulic reservoir is a holding tank that
contains the hydraulic oil required for the LVS hydraulic system It has a
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hol di ng capacity of 95 quarts and al so houses the hydraulic oil filter. The
reservoir is nounted on top of the right fender.

b. Hydraulic QI Hlter. The hydraulic oil filter is a six-mcron
filter that renoves inpurities fromthe oil before the hydraulic oil returns
to the hydraulic reservoir. The filter is nounted on top of the hydraulic
reservoir.

c. TandemHydraulic Punp. The tandemhydraulic punp is two gear type
punps joined together. Both sections of the punp are supplied wth hydraulic
oil through one inlet port (blue). The punp has two individual outlet ports,
alowand high output. The hydraulic punp is located at the front of the
vehi cl e above the wet air tank.

(1) Hydraulic oil fromthe low output side (red) of the punp is sent
tothe priority flowvalve at the rate of 6 gallons per mnute at | ow engi ne
idle and 24 gallons per mnute at a high idle.

(2) Hydraulic oil fromthe high output side (orange) of the tandem
hydraulic punp is sent to the denand valve at a rate of 14 gallons per mnute
at lowid e and 49 gallons per mnute at a high idle.

d. Priority HowValve. The priority flow val ve divides the hydraulic
oi | between the steering gear and the denand val ve. During steering,
hydraulic oil is punped to the steering gear at a rate of 2.9 gall ons per
mnute. The priority flow val ve al ways directs enough hydraulic oil for
steering and any excess oil wll be directed to the denand val ve.

e. Seering Gear Relief Valve. The steering gear relief valve limts
the hydraulic pressure at the steering gear to 1750 pounds per square inch.
Wien the hydraul i ¢ pressure exceeds 1750 pounds per square inch, the relief
val ve opens and allows oil to flow back to the hydraulic reservoir (yellow.
The steering gear relief valve is positioned by the I eft front crossnenber.

f. Steering Gear. The steering gear utilizes hydraulic pressure to
assist in steering of the Md8. In the event of hydraulic systemfail ure,
the steering gear can still be operated nechanically to control the vehicle.
The steering gear is located on the | eft side, secured to the frane behi nd
t he vehi cl e cab.

g. Denand Valve. The denand val ve recei ves hydraulic oil under pressure
fromthe high output side of the hydraulic punp and fromthe priority flow
valve. The denand valve is a variable flow control valve that divides the
hydraulic oil between the auxiliary sel ector val ve and the cool ing fan notor.
The auxiliary selector valve wll receive a steady fl ow of hydraulic oil
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while the rate of oil flowto the fan notor w il depend on engi ne speed. The
denand val ve is | ocated bel owthe hydraulic punp.

h. Fan Gontrol Valve. The fan control valve is used to control the flow
of hydraulic oil to either the fan notor or back to the hydraulic reservoir.

i. Hydraulic Fan Mtor. The hydraulic fan notor is a doubl e-gear type
notor that rotates the cooling fan. The rotation of the fan blades pulls air
through the cooling radiator and the hydraulic oil cooler. The hydraulic fan
notor is located directly under the radiator.

j. Auxiliary Hydraulic Seering Selector Valve. The auxiliary hydraulic
sel ector valve is used to direct hydraulic oil to the auxiliary hydraulics or
to the steering system Wen the selector valve is pushed in, the hydraulic
ol is diverted to the steering system Wen the selector valve is pul |l ed
out, oil is directed to the rear nodul € s hydraul ic systemfor crane or w nch
operation. The hydraulic steering selector valve is |located on the right
fender, behind the hydraulic reservoir.

k. YawDrectional/Seering Relief Valve. The yaw directional/steering
relief valve is electrically operated and control |l ed by the parking brake
swtch and the neutral safety swtch. Wen the transmssionis in neutral
and the parking brake is set, the yawdirectional /steering relief valve
directs the hydraulic oil to the hydraulic reservoir. During vehicle
steering operation, the hydraulic oil is directed to the yaw control val ve.

|. Accumulator. The accumul ator is used to absorb pressure surges or
spi kes before they can effect the operation of the hydraulic system The
accumul ator al so hel ps snooth out yaw steering. The accunul ator is nounted
on the left, rear side of the engine.

(1) The accunul ator has two separate chanbers wth a flexibl e rubber
bl adder separating the two. Qne chamber is filled wth hydraulic oil and
connected to the steering hydraulic system The other chanber is charged
w th nitrogen gas.

(2) During pressure surges, hydraulic oil surges inside the
accunul ator and tries to conpress the rubber bl adder agai nst the nitrogen
gas.

(3) Aiter the pressure surge, the nitrogen gas forces the bl adder
and oil out. This is howthe accumul ator absorbs the energy of a pressure
sur ge.

m Yaw Qontrol Valve. The yaw control valve is nechanically controlled
by the bellcrank and the spring fuse link. The valve is used to signal the
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noti on control val ve when the MK48 is naking a right or left hand turn. The
yaw control val ve al so signals the notion control val ve when turning has
stopped. The yaw control valve is nounted on the | eft side of the vehicle,
connected to the bel | crank.

n. Mtion Gontrol Val ve

(1) The notion control val ve prevents the novenent of the yaw
cylinders when the steering systemis in the neutral position. This prevents
road wander at the articulation joint.

(2) The notion control valve also directs the hydraulic oil to the
proper end of the yaw cylinders when a turn i s bei ng nade.

(3 The notion control valve is located at the rear of the vehicle,
directly above the transfer case.

0. Yaw G/linder. There are two yaw cylinders on the vehicle that steer
the rear nodule. Both cylinders receive hydraulic oil under pressure from
the notion control valve. The yaw cylinders are doubl e-acting cylinders that
wll extend or retract.

p. Hydraulic Ol Goler. The hydraulic oil cooler is nounted on top of
the coolant radiator. The hydraulic oil cooler is used to mnimze excessive
heat build up in the hydraulic oil system This prolongs the life of the
hydraulic oil and the hydraul i c system conponents.

2. PRINOPLES (F CPERATI ON FCR THE MK48 HYDRALLI C STHR NG SYSTEM

a. The TandemHydraulic Punp has Two Separate Qutlet Ports. The | ow
output side (red) of the punp supplies hydraulic oil to the priority flow
valve. The high output side (orange) supplies hydraulic oil to the denand
valve. QI tothe punp is gravity fed or free flowng (blue) fromthe
hydraul i ¢ reservoir.

(1) Low Qutput S de.

(a) The priority flowvalve divides the flowof oil fromthe | ow
output side of the punp to the steering gear and to the denmand val ve.

(b) The MKA8 steering systemprovides full-tine hydraulic
assi sted steering. During vehicle operation, a constant flowof oil travels
through the steering gear (purple and yellow). Wen the steering wheel is
turned, a piston and rack gear inside the steering gear housi ng noves, which
rotates the steering output shaft. The relief val ve plungers in the steering
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gear wll unload high pressure oil when the pitman armis turned agai nst the
pitman armstops. QI is then directed back to the reservoir (yellow.

(2) Hgh Qutput S de.

(a) QI flowfromthe high output side (orange) of the hydraulic
punp is directed to the denand val ve. The denand val ve al so recei ves excess
oil not required by the steering gear fromthe priority fl ow val ve (red).

(b) The denand valve is a variable flow control val ve that
supplies oil (orange/red) to the fan control val ve and auxiliary sel ector
val ve.

(c) The auxiliary selector valve has priority and wll receive
nost of the hydraulic oil fromthe demand val ve. Any excess oil wll be
routed to the fan control valve. The amount of oil punped to the fan control
val ve depends upon the operating use and the engi ne speed of the M48.

(d) The fan control valve is used to control oil flowto the fan
notor. Atenperature sending unit nounted on the left thernostat housing
senses engi ne cool ant tenperature for the fan control val ve.

1 Wen the engine cool ant tenperature i s bel ow 180 degrees
Fahrenheit, a solenoid at the fan control valve wll route the oil to the
hydraul i c reservoir (yellow.

2 Wen the engine cool ant tenperature i s above 180 degrees
Fahrenheit, the solenoid routes the oil to the hydraulic fan notor (violet).
The fan control val ve incorporates a pressure relief valve to protect the fan
circuit. |If pressures inthe fan circuit reach 1550 pounds per square inch,
the relief valve opens and the oil is routed back to the hydraul i c reservoir

(yellow.

(e) The hydraulic fan notor is a doubl e-gear hydraul i c notor
that rotates the cooling fan. As the hydraulic fan notor rotates, the
cooling fan pulls air through the radiator, the hydraulic oil cooler, and the
transmssion oil cool er, which are nounted above the cooling fan. Ql from
the hydraulic fan notor returns to the hydraulic reservoir through the fan
control valve (yellow.

(f) The auxiliary selector valve directs the oil to the
auxi liary hydraulics or to the yaw steering.

1 Wilein the auxiliary hydraulics position, hydraulic oil
is sent to the rear nodul e for crane or wnch operation (light green).
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2 Inthe steering position, hydraulic oil is directed to
the yaw control val ve for yaw steering (green).

(99 The mainrelief valve is also incorporated in the auxiliary
selector valve. The nain relief valve protects the entire hydraulic system
If the pressure in the hydraul i c systemreaches 3,250 pounds per square inch,
the relief valve wll open and direct the oil to the hydraulic reservoir

(yellow.

(h) As the vehicle turns, the yaw control val ve is positioned by
the bellcrank. A spool valve inside the yaw control valve wll then direct
hydraulic oil to the right or left steering circuit of the notion control
val ve (green).

(1) The notion control valve wll direct the hydraulic oil to
the piston end of one yaw cylinder, and the rod end of the opposite yaw
cylinder, when the vehicle is turned.

1 Wen the vehicle is turned to the left, the notion
control valve sends oil to the piston end of the right yaw cylinder (green).
This forces the right yawcylinder to extend. As the yaw cylinder extends,
hydraulic oil in the rod end returns to the notion control val ve
(green/yellow.

2 S mltaneously, the notion control valve is sending oil
tothe rod end of the left yawcylinder (green). This forces the left yaw
cylinder to retract. Hydraulic oil in the piston end of the left yaw
cylinder is returned to the notion control valve (green/yellow. This oil
returning back to the notion control valve is sent back to the reservoir

(yellow.

3 Wen the vehicle is turned to the right, the notion
control valve sends oil to the opposite ends of the yaw cylinders.

4 The notion control valve al so prevents the novenent of
the yaw cyl inders when the steering circuit is in the neutral position, which
prevents road wander. Two relief valves are incorporated in the notion
control valve to protect both the left and right side of the yaw steering
circuit.

b. Al Hydraulic QI in the MA48 Hydraul i ¢ System Passes Through an Q|
ool er before Returning to the Hydraulic Reservoir (Pink and Yellow). The
oil cooler cools the hydraulic oil instead of engine coolant. The hydraulic
oil cooler is nounted above the cooling fan. Wen the oil travels through
the oil cooler it flows through nany separate tubes that have cooling fins
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attached to them It isinthe core that heat in the hydraulic oil is
rel eased to the at nosphere.

c. Hydraulic QI is FHltered wth a 6 Mcron, Paper Henent-Type Hlter.
Anmcron is a neasurenent to determne the degree of filtration. Qie mcron
is approximately 39 mllionths of an inch. Any contamnants in the hydraulic
ol larger than 6 mcrons will be filtered.

3. MANTENANCE RESPONS BILIETHES RELATIVE TO THE MKA8 HYCRALLI C STHER NG
SYSTEM

a. The organizational autonotive nechanic, MXB 3521, at second echel on
is responsible for replacing the fol |l ow ng M48 hydraul i ¢ system conponent s.

(1) auxiliary selector valve,

(2) yawcontrol val ve,

(3) hydraulic oil cooler, filter, lines, and fittings,
(4) yawcylinders, and

(5 hydraulic cylinders.

b. The second echel on nechanic is al so responsible for servicing the
conpl ete hydraul i c system including the hydraulic reservoir.

c. The organizational autonotive nechanic, MXB 3521, at third echelon is

responsi bl e for performng all of the previously nentioned tasks and
repl acing the fol |l ow ng conponent s:

(1) priority flow val ve,

(2) flowcontrol valve,

(3) yawrelief valve,

(4) fan control val ve,

(5 notion control val ve,

(6) denand val ve,

(7) selector relief valve,

(8 fan drive notor, and
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(9 hydraulic punp.

d. The third echel on nechanic is al so responsi bl e for adjusting the
priority flow val ve and accumul ator and testing the hydraul i c system

4. REPAR G- HYDRALLI C HOBES TWBI NG AND H TTI NS

a. Inspection of the Hydraulic Hoses, Tubing, and Httings

(1) Msually inspect all hydraulic hoses for cracks or splitting,
pin hol e | eaks, signs of rubbing, heat, or twsting. Check hoses for |eaks
or fraying where the hose and fittings are connected. This area is where
nost hose danmage occurs.

(2) MNake sure all hoses are routed properly and cl anped correctly.
A pinched hose will leak or create high pressure in the hydraulic system
Avoi d sharp bends or | oops.

(3) Inspect all fittings for |eaks or cracks. Leakage is the nost
coommon failure of fittings. Check the fittings for danaged Orings, stripped
threads, or inproper assenbly.

b. Replacenent of Hydraulic Hoses, Tubing, and Fttings

(1) Prior tothe renoval of any fittings or hoses, nake sure that
the vacuumpunp kit is installed and in operation.

(2) Before renoving any hydraul ic hoses or tubing, note their
routing and the location of all hold down clanps and nyl on ties.

(3) Renove all necessary hol d down clanps and nylon ties to free the
hoses or tubing. Wpe all fittings clean before disconnecting them This
hel ps keep dirt out of the hydraulic system

(4) To disconnect the fittings, use two Bonney wenches. Bonney
wenches are special tools used to renove hydraulic lines and fittings.
Thei r construction, wde openings wth short handl es, nakes the renoval and
repl acenent of the lines and fittings easier. A though these wenches are
not listed inthe TMfor this vehicle, they are available in the supply
systemand are used extensively on aircraft hydraulic systens. Ve have found
they are al so very useful for the LVS hydraulic system Never use pliers or
pi pe wenches; these itens nmay danage the fittings. Use one Bonney wench to
hol d the stationary fitting and one Bonney wench to | oosen the swvel nut on
the hose or tube.
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(5) Ater disconnecting, cap the stationary fittings and plug the
hydraulic lines to prevent dirt or other contamnants fromentering the
hydraulic system |f renoving nore than one hose or tube, tag and nunber the
hoses or tubing and their connection points for proper assenbly. Danaged
hoses shoul d be di scar ded.

(6) Replacenent hoses or tubing nust be of the sane pressure rating,
dianeter, length, and type as the original hose or tube.

(7) Toinstall new hoses, route the repl acenent hoses the sane as
the originals. Renove the plugs fromthe fitting ends. |If pipe sealant is
used, nmake sure the pipe sealant is applied to the nal e threads only.

Install the new hose and tighten the fittings until finger tight. Use
wenches to tighten the fittings until snug, do not overtighten. Install all
hol d down clanps and new nylon ties. Check for |eaks after installation. |If
| eakage occurs, tighten the fittings one extra flat.

5. SFRM A NG THE HYDRALLI C H LTER ASSEMBLY

a. Inspection of the Hdraulic Flter Assenbly. The hydraulic filter
housi ng shoul d be checked for any | eaks around the hose connections, cover,
pl ugs, and pressure check val ve. Look for any cracks, dents, or damage in
t he housi ng.

b. Testing the Hlter Assenbly wth STHIGER After inspecting the
filter housing, a pressure test shoul d be perforned to determne if the
hydraulic oil and filter need replacing. As the hydraulic oil picks up
contamnants, the filter slowy beconmes plugged. This creates a pressure
increase inside the filter housing. For this filter, pressures above 12
pounds per square inch indicate a need to change the hydraulic oil filter.
SIHIERIis used to neasure the pressure inside the filter housing. A
pressure readi ng of 12 pounds per square inch or less indicates clean
hydraulic oil and that the filter is not plugged. To test the filter wth
STHI1 (=R the foll ow ng procedures are used.

(1) PerformVIMgeneral checkout procedures as prescribed in the
techni cal nanual .

(2) Renove the plug fromthe filter housing and install the bl ue
strip pressure transducer to the filter housing.

(3) Gonnect Pl of transducer cable W to either J2 or J3 on the VIM

(4 Now connect P2 of transducer cable W to the bl ue stripe
pressure transducer.
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(5 A thistine, Test No. 50 wll be dialed into the test sel ect
and an offset test perforned by hol ding the test button down until CAL
appears on the display. This wll calibrate the VIM transducer, and cabl e.

(6) QOce CAL has appeared, release the test button and wait for a
limt value. Limts shoul d be between -150 to +150.

(7) Again, press and rel ease the test button. A"O reading on the
di spl ay shoul d appear. You are now ready to neasure pressure.

(8 Sart the engine to cycle the hydraulic oil and all owthe
hydraulic oil tenperature to reach 130-140 degrees Fahrenheit (54-60 degrees
Gl sius).

(99 Once the hydraulic oil is at the proper tenperature, increase
engi ne speed to naxi numand record the readi ng.

(a) If the pressure reading is 12 psi or less, the oil filter is
clean and is operating correctly.

(b) If the pressure reading is nore than 20 psi, the hydraulic
oil is heavily contamnated and shoul d be repl aced along wth the oil filter.
The hydraulic oil should be repl aced, before the oil filter. It nay be
necessary to replace the filter nore than once.

(c) If the pressure reading i s between 13 psi and 20 psi,
replace the oil filter.

1 MNow increase the engi ne speed to naxi numand record the
readi ng.

2 If the oil pressure is still nore than 12 psi, repl ace
the oil filter and repeat the test until a reading of 12 psi or less is
obt ai ned.

3 As | said before, it may be necessary to repl ace the oil
filter nore than once to renove all the contamnants fromthe system

(10) Now disconnect the blue stripe pressure transducer fromthe
filter housing and install the plug.

c. Renoval of the Hydraulic QI Hlter H enent

(1) Hrst, loosen the capscrews in the top of the filter cover.
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(2) The cover is under spring pressure and care nust be taken. Turn
the filter cover counterclockw se and renove it fromthe filter housing.

(3) MNow renove the seal ring, spring, and bypass nmani fol d and then
renove the filter and Grings on each side of the filter. Dscard the filter
seal ring and Orings.

d. Replacenent of the Hydraulic QI Hlter H enent

(1) Hrst, install anewoil filter. Mke sure the Orings are
seated in the newfilter.

(2) Next, Install the bypass nanifold, spring, and seal ring on top
of the oil filter.

(3) Now place the filter cover on the filter housi ng and push the
filter cover down and turn it clockwse to latchit in place. Fnally
install the capscrews and tighten themsecurely.

6. | NSPECTI ON G- THE HYCRALLI C PUWP

a. Inspection of the Supply Hose

(1) Renove the screws securing the diagnostic connector assenbly
(DCA) access panel . Pull the DCA panel out and let it hang to provide better
access for inspection.

(2) Inspect the supply hose for any | eaks or signs of danage. Check
the split flange for |eaks, |oose capscrews, or damaged flange parts.

b. Inspection of the Hydraulic Punp Hbusi ng

(1) Inspect the hydraulic punp housing for any cracks or broken
pi eces.

(2) Aso check the outlet ports for danaged or |eaking split flanges
and hoses.

(3) Nowinspect the hydraulic punp nounting capscrews for | ooseness
or danage.

7. SHRM A NG THE HYCRALLI C SYSTEM

a. Inspection of the Hydraul i c Reservoir

(1) Msually inspect the hydraulic reservoir for any | eaks or dents.
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(2) Qneck the filler neck for any | eaks or danage.
(3) Check the sight glass for cracks, |eaks, or danage.

b. Changing the Hydraulic QI

(1) A contai ner capable of holding 95 quarts of hydraulic oil is
required for this service. Alarge funnel nay al so be needed to divert the
oil into the container.

(2) Hrst, the drain plug nust be renoved fromthe bottomof the
hydraulic reservoir and the hydraulic oil allowed to drain.

(3) Next, the filler cap should be renoved fromthe filler neck.

(4 Ater al the hydraulic oil has drained, the drain plug shoul d
be reinstal | ed.

c. Hushing the Hydraulic System Nornally, the only tine that the
hydraul i c systemneeds to be flushed is when a | arge anount of contam nants
has been found wthin the system This can be determned by the STH | CE
filter test that was covered earlier.  course, this procedure wll be used
when it is tine to performthe schedul ed PMCS on the hydraul i ¢ system

(1) To flush the hydraulic reservoir, the filter assenbly nust be
r enoved.

(2) Ater the filter has been renoved, renove the twel ve nuts
securing the access plate and filler neck to the reservoir. Now renove the
access plate and gasket and di scard the gasket.

(3 Next, renove the screws attaching the diagnostic connector panel
and then renove the DCA panel. This wll allow access for the renoval of the
hydraul i ¢ punp supply Iine.

(4 Now the capscrews, |ockwashers, two split flange hal ves, punp
supply line, and Gring shoul d be renoved fromthe hydraulic punp. A
contai ner shoul d be pl aced under the supply line to catch any fluid in the
l'i ne.

(5 The inside of the hydraulic reservoir should be wped clean wth
clean, lint-free rags. A so clean out the filter housing.

(6) Wing clean hydraulic oil, flush the oil in the reservoir down
through the punp supply line. The reservoir should be flushed until al
vi si bl e debris has been renoved.
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(7) Wth the reservoir cleaned, the punp supply |ine can be secured
to the hydraulic punp wth a new Oring, tw split flange hal ves, new
| ockwashers, and capscrews.

(8 Aiter the supply line is connected to the punp, the diagnostic
connector panel can be reinstalled.

(9) Next, the gasket and access plate with filler neck shoul d be
positioned on top of the reservoir and secured wth new | ocknut s.

(10) Install a newhydraulic filter. Anewfilter shoul d al ways be
instal | ed whenever the hydraulic systemis fl ushed.

(11) The hydraulic reservoir should be filled wth clean hydraulic
ol tothelevel ine onthe oil level gage. Refer to the lubrication
instructions for the correct type of oil.

(12) A nally, check for |eaks around the supply |ine connection. If
no leak is detected, start the engi ne and check for |eaks when the systemis
oper at i ng.

8. | CENTI Al GATI N PURPCBE_AND PROCEDURES FCR USI NG HYDRALLI C SYSTEM TEST
EQU PMENT

a. HowMter. The HI-75 Mbdel "B' is a 75 gallons per mnute in-1ine
hydraulic flowtester that is a conpact, self contai ned, portable instrunent
for testing hydraulic systens in the shop or in the field.

(1) Pressure Qontrol Valve. The pressure control val ve regul ates
systempressure by restricting the flowto varying degrees to devel op back
pressure in the system To increase the pressure, turn the control val ve
handl e cl ockw se; to reduce the pressure, turn the control val ve handl e
count ercl ockw se. The control valve wll rmaintain the pressure setting
during and after the change in flow

NOTE Before testing the system open the pressure control valve all the way
by turning the val ve handl e count ercl ockw se. Exerci se care when operating
the pressure control valve, the pressure shoul d be increased sl owy.

(2) Pressure Gauges. Pressure readings are taken fromthe high
pressure and | ow pressure gauges on the fl ow bl ock.

(a) Hgh Pressure Gauge. The high pressure gauge i s a 0-6000
psi gauge and is located to the left of the gauge bl ock.
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(b) Low Pressure Gauge. The |ow pressure gauge is a 0-600 psi
gauge and is located to the right of the gauge bl ock.

(c) As pressure is increased, the | ow pressure gauge wll give
readings up to 500 psi and then cut out, allow ng higher pressure to be
recorded on the 0-6000 psi gauge.

(3) Gauge Snubber Knob. A gauge snubber knob is |ocated at the |eft
corner of the gauge bl ock. The snubber knob is turned cl ockw se at a | ow
pressure setting to danpen the pul sation of the gauge needl es.

NOTE  Wen the gauges are danpened, the reaction of the needl es to pressure
i ncreases or decreases nay take a few seconds. Sufficient tine for need e
reacti on nust be allowed. Maxi numpressure nust be worked up to through a
series of noderate increases.

(4) Overload Protection Safety Disc. A safety disc located at the
front of the flowtester protects the flowtester fromextrene pressure. |If
the pressure exceeds 6093 psi, the disc wll rupture, relieving oil and
reduci ng pressure before danage can occur.

(5 QVdaf Swtch. The on/off swtchis a push-pull type swtch.
Pull toswtch the unit on; push to swtch the unit off. Wen the unit is
not in use, nake certain the swtchis in the off position.

(6) Fuse. The fuse protects the neter fromincorrect hookup when
usi ng auxiliary power sources.

(77 HowRPMSaitch. The flowrpmswtchis set inthe flow
position to obtain a flowreading on the neter and set in the rpmposition
when usi ng the photo tachoneter.

(8 H/LowRange Sntch. The H/Lowrange swtch is used to read
gallons per mnute flowat | owand naxi numpunp output. The | ow range scal e
Wil read 3 to 15 gallons per mnute flow and the high range scale wll read
15to 75 gallons per mnute flow

(9) Tenperature Saitch. The tenperature swtch is used to neasure
the tenperature of the hydraulic fluid flowng through the flow neter. Wen
the swtch is depressed, the neter reading of the floww ]!l be cancell ed and
the tenperature node wll take over. Upon release of the swtch, the neter
Wl return to the fl ow position.

(10) Batteries. The unit is provided wth three 9-volt,
transistorized batteries that nust be installed prior to operation. The
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batteries are nounted in the battery conpartnent |ocated on the under- side
of the case.

(11) Auxiliary Power Jack. The auxiliary power jack is used in
conjunction wth an auxiliary power cord to allowthe unit to draw power from
12 or 24 volt batteries for field use or when batteries for the unit are not
available. An auxiliary power converter cord can al so be used to operate the
flowneter fromany 120 volt, 60 cycle outlet.

(12) Meter. The neter gives flow and tenperature readi ngs dependi ng
on the swtch node used.

(13) LowBattery Light. The lowbattery light is provided to al ert
the operator that battery power is at a |l ow point where erroneous readi ngs
Wil result. Wen the batteries run down, the light wll cone on, indicating
| ow battery power.

(14) Inlet and Qutlet Ports. The inlet and outlet ports are | ocated
inthe nanifold body and are designed to accept SAE straight "O ring union
adapters, 1 1/16 - 12 nale thread by 3/4 NPSMfenal e strai ght union. The
inlet port is located on the left side of the nanifold and the outlet port is
| ocated on the front of the unit. The flowtester is supplied wth cover
plugs on both inlet and outlet ports to protect the unit fromdanage or
contamnation. The ports shoul d al ways be covered when the unit is not being
used. Mke certain all hoses are connected properly to the tester. The
pressure hose fromthe punp or pressure line of the systemnust be connected
tothe tester inlet port. The return hose nust be connected to the tester
outlet port. If the hoses are connected inproperly, the unit will give flow
readi ngs, but the pressure control valve wll not work.

(15) Hose onnector. The hose connector is located on the front of
the unit and surrounds the safety disc to act as a shield to mnimze
the scattering of oil should the safety disc rupture. To further alleviate
ol problens, a1l 1/4" I.D hose should be slipped onto the connector and
clanped in place. The hose shoul d be of sufficient length to direct oil flow
back to the reservoir, or to a contai ner.

(16) Galibration Jack. The calibration jack is used in conjunction
wth the calibrator, which is an accessory itemfor the flowneter. The flow
neter does not need to be calibrated before each use, but the calibrator
shoul d be used at six nonth or one year intervals to check neter accuracy, or
if erroneous readings are suspected. The flow neter needs to be recali brated
if it is repared due to danage.

(17) Test Hose. The two test hoses that are used to connect the flow
neter into the hydraulic lines are high pressure hoses that are adapted wth
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qui ck di sconnect fittings. Wen a line is disconnected froma conponent, the
line and conponent nust be adapted wth quick di sconnect fittings to
accommodat e the fl ow neters hose qui ck di sconnect fittings.

b. 0-5000 PS Gauge. The 0-5000 psi gauge is used to test the system
pressure at various points by connecting to the test ports wthin the system
The gauge has a flexi bl e hose and a qui ck di sconnect fitting attached to it.
Wien the gauge is attached to a quick check fitting, oil fromthe hydraulic
systemflows into the gauge, thus hydraulic systempressure i s obtai ned.

c. VacuumPunp Kit. The vacuumpunp kit is used to create a vacuumin

the hydraulic oil reservoir so lines wthin the hydraulic systemnay be

di sconnected wth mninumloss of hydraulic fluid. The vacuumpunp kit is a
Mbdel #2217. The punp i s designed to connect to the 12 volt side of the
vehicle' s batteries for power. A hose fromthe vacuumpunp control valve is
designed to fit the special hydraulic oil reservoir cap, which fits the
hydraulic oil filler tube. Wien the punp is turned on, the vacuum punp
control val ve can be adjusted to create 18 inches of vacuumin the hydraulic
oil reservoir. Lines and conponents can then be di sconnected or renoved wth
little or no loss of fluid.

9. TESTING A\D ADJUSTMENT CF HYDRALLI C STHER NG SYSTEM COMPONENTS

a. Testing and Adjusting the Auxiliary Selector Relief Valve. Testing
and adjusting the auxiliary selector relief valve is a procedure that is
nornal |y perforned when servicing the hydraulic system

(1) Sart the engine and check the lowidl e speed. Lowid e nust be
set at 690 revol utions per mnute. Hgher settings wll cause parts danage.

(2) St down the engine and di sconnect the three couplers at the
articulation joint. The engine nust al ways be shut down before renoving or
installing hoses or test equi pnent.

(3 Install a 0-5,000 pounds per square inch pressure gage to test
port 5 on the denand val ve.

(4) Push the auxiliary selector valve in to the steering position.

(5 Sart the engine and allowthe hydraulic oil to warmup to
operating tenperature.

(6) Wen performng the test, do not hold the auxiliary hydraulic
steering sel ector valve in the auxiliary hydraulics position for nore than 15
to 20 seconds. Wiile adjusting or testing, do not hold in the auxiliary
hydraulic position if the pressure is above 3,250 pounds per square inch.
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Serious danage Wil result to the hydraulic punp if the pressure rises above
the recormended relief setting or is held in auxiliary hydraulics for a
| onger length of tine than all owned.

(7) Position yourself so you can read the pressure gage. Hve an
assistant pull the auxiliary selector valve out to the auxiliary hydraulics
position. Read the pressure gage. The pressure should be 3,150 - 3,250
pounds per square inch. |If the pressure reading is above or belowthis
range, the auxiliary selector relief val ve nust be adj usted.

(a) To adjust the pressure, position the auxiliary sel ector
valve in the steering position and | oosen the jamnut on the relief val ve.
Turn the set screw cl ockw se to increase the pressure or counterclockw se to
decrease the pressure.

(b) Repeat the test and adjust the setscrew as needed, until
the pressure setting is wthinlimts. Tighten the jamnut to | ock the
setscrewin position. Repeat the test to nake sure the pressure setting has
not changed.

(8 Shut down the engi ne before di sconnecting any gages or
connecting the hydraulic lines.

(9) Renove the pressure gage fromthe demand val ve.

(10) Gonnect the three couplers at the articulation joint. It nay be
necessary to wait a fewmnutes to allowthe pressure in the couplers to
bl eed off before they can be connected. If pressure is still present after
several mnutes, it nay be necessary to loosen a line to bl eed of f pressure.

b. Testing and Adjusting the Priority How Valve. The testing and
adjusting of the priority flowvalve wll be acconplished when checki ng the
flowand pressure to the steering relief valve or a nal function occurs where
the vehicle steers hard in one or both directions.

(1) Hrst, renove the cab access panel next to the transmssion
shifter and then place a contai ner under the vehicle in the area where the
hydraulic lines will be disconnected to catch any fluid that wll drain from
the |ines.

(2) Next, ensure that the wheel s are set in the strai ght ahead
posi tion.

(3) The vehicle engine wll have to be operated to warmthe
hydraulic oil to at |east 130-160 degrees Fahrenheit before checking flow
(nce the oil has reached the desired tenperature, shut down the engine.
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(4 Prior to renoving any hydraulic |ine, the vacuumpunp nust be
connected and a vacuumcreated in the hydraulic reservoir.

(a) Hrst, renove the reservoir filler cap and install the
special hydraulic reservoir cap fromthe vacuumpunp kit.

(b) Next, connect the electrical |eads fromthe vacuum punp kit
to one of the vehicle's batteries. Renenber, the punp is 12-volts only.

(¢) MNowturn on the vacuumpunp and adjust the control valve to
create 18 to 25 inches of vacuumin the hydraulic oil reservoir. The vacuum
punp kit gage wll let you knowwhat the control valve is adjusted to.

(5) Now disconnect hydraulic line 274 fromthe steering gear relief
valve. onnect the flowneter inline wth the steering gear relief valve
and line 274. To do so:

(a) connect the inlet line of the flowneter to the steering
relief val ve openi ng,

(b) connect the outlet line of the flowneter to hydraulic line
274, and then

(c) fully open the pressure control valve on the fl ow neter by
turni ng the knob count ercl ockw se.

(6) Wth the flowneter properly installed, shut off the vacuum punp
and renove the special hydraulic reservoir cap fromthe hydraulic reservoir.
Install the hydraulic reservoir cap.

(7) Now loosen the jamnut on the priority flow val ve and preset
the adjusting screwby turning it fully in and then backing it out two and a
hal f turns. Mke sure that the adjusting screwis not over tightened, this
nay cause danage to the priority flow val ve.

(8 Mike sure that the steering wheel is not turned in either
direction while the systemis being tested or adjusted; novenent of the
steering wheel can cause damage to the hydraul i c system conponents.

(99 MNow start the engine and i ncrease to naxi numengi ne speed.
(10) Wth the engine at naxi numspeed, close the control val ve on the
flowneter by turning the knob cl ockwi se to increase to create a 1000 psi

wor ki ng pressure.

(11) Now check for 2.8-3.0 gpmflow
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(12) If the flowis not correct, turn the adjusting screw on the
priority flowvalve in to reduce flow or out to increase flow Never turn
the adjusting screwin fully while the engine is running. This wll dead
head the hydraul i ¢ punp, causing hydraulic punp or line failure.

(13) Oce the correct flowis obtained, tighten the jamnut on the
priority flowval ve wthout disturbing the setting of the adjusting screw

(14) Nowturn the control knob on the flow neter countercl ockw se to
decrease pressure; and shut off the engine.

(15) Gonnect the vacuum punp as was previously instructed and turn it
onand allowit torun until 18 to 25 inches of vacuumappears on the
pressure gage.

(16) DO sconnect the flowneter fromthe steering relief val ve and
hydraulic line 274, and reconnect hydraulic |ine 274 to the steering reli ef
val ve.

(17) Now shut off the vacuumpunp and di sconnect the vacuum punp
fromthe hydraulic reservoir and the vehicle battery.

(18) Anally, install the filler cap on the hydraulic reservoir and
repl ace the access panel .

11. I NTRCGDUCTI ON TO THE LVS HYDRALLI C STHER NG SYSTEM S MULATI AN TRAILN NG
PANEL

a. As you can see, the panel face has an illustration of an LVS front
power unit wth all steering systemconponents illustrated inside the Md48
silhouette. The conponents you wll be required to inspect and test are
called-out. That is so they could be illustrated | arger than they coul d have
been inside the sil houette.

b. Before we tal k anynore about call ed-out conponents, let's |ook at
sone other illustrated conponents that are not called-out. Look right
between the vehicle s wheels at about 5 o' clock. You'll see anillustration
of the yaw control valve and an arrow | eading to a conponent swtch for the
yaw control valve. Now going in a clockw se direction you wll see four
nore swtches for the accunul ator, steering gear, tandemhydraulic punp, and
the fan notor. Renenber when you press any conponent switch, it will |ight
up. In addition, certain node swtches wll also light up. The node
swtches are telling you what action you can take. For exanple, the
REPAR REPLACE swtch nay be |it as well as the INSPECT swtch. Watever
action you want to take, you sinply select the action you want fromthe
avai | abl e opti ons.

[11-19



c. MNow back to the called-out conponents. Wé'Il| start just bel owthe
yaw control val ve and go cl ockw se. The conponent swtch next to the call ed-
out conponents work exactly |ike those we just finished di scussing.

(1) The fan control val ve has three conponent sw tches associ at ed
wthit; oneis for the valve itself, one for line #3881, and one for the fan
solenoid. nh or near the fan control valve you wll also see four jacks.
The two on line #3881 are used for hydraulic test and the two on the sol enoi d
are for electrical testing.

(2) The next called-out conponent to the left is the steering gear
relief valve. It has four conponent swtches. The swtches are for |ines
274 and 725, for adjustnent of the valve, and one for the conpl ete val ve.
There are al so five jacks associated wth this val ve and its pl unbi ng.
Notice that one of these jacks is at test port #3, you use the 0-5000 psi
pressure gage at the test ports.

(3) Tothe left of the steering gear relief val ve you see the
priority flowvalve. It has five conponent swtches. There is one swtch
for each of the three lines that are associated wth the val ve, one for
simulating a pressure adj ustnent and one for the conpl ete val ve that you
woul d use if you intended to inspect the valve or replace it. There are al so
four jacks on this valve for simulated hydraulic testing.

(4 Mving again to the left, you see the denand valve. It has four
swtches, three are for lines 876A 875, and 879; the other conponent swtch
is for the conplete valve. There are al so nine jacks on or adjacent to this
valve. Three jacks are for test ports and the renai nder are for |ines.
Renenter, the 0-5000 psi gage is used for testing at the test ports.

(5 Above and to the right of the denand val ve, the hydraulic
selector valve is illustrated. In the center of the valve is a push/pul |
swtch. That swtchis used to select either auxiliary hydraulics or
steering. There are al so two conponent swtches. Qe is used to adj ust
pressure and the other sel ects the conpl ete val ve for acconpl i shnent of
what ever functions are indicated as being avail abl e by way of |ighted node
SwW t ches.

(6) Myving to the left and up, you see an illustration of the
hydraulic reservoir; it has two swtches associated wthit. Qhe swtch lets
you check hydraulic fluid level and the other lets you inspect the reservoir.

(7) To the right and above the illustrated hydraulic reservoir,
thereis anillustration of the vehicle's directional relief valve. It has
four conponent swtches; two for lines, one for the val ve's sol enoid and one
for the conplete valve. There are al so six jacks associated wth this val ve.
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Four jacks are used in conjunction wth hydraulic testing and the other two
for electrical testing.

(8 Mving to the other side of the panel, still at the top, you can
see the notion control valve. It has three conponent swtches and six jacks.
You can see that two jacks are for the valve's test ports and the other four
jacks are associated wth the val ve's pl unbi ng.

(99 Belowand tothe right of the notion control val ve, you can see
ajack for test port #6. Again, you use the 0-5000 psi pressure gage at this
test port.

(10) The renai ning cal | ed-out conponents are the two yaw cyl i nders.
The sw tches and jacks associated wth the yaw cylinder are the sane as on
ot her conponents with mnor exceptions. The plugs at the end of each
hydraul i c cylinder on the side are used in conjunction wth the 0-5000 psi
test gage. The conponent swtches there are used to renove the plugs prior
toinserting the adapter that is required and the 0-5000 psi test gage.

d. A the bottomof the panel, in the center you wll see an
illustration of the vehicle's dash panel. n the right side of the panel you
see the simulated shift |ever wth a two-position swtch, neutral and drive.
Bel ow the shift | ever you can see the engine's GFF/ QN START swtch and a
toggle swtch that is used to stop the engine. Those itens work just |ike
the ones on the actual vehicle. Mving |eft you can see the engi ne
tachoneter and hydraulic fluid tenperature gages. Those gages are active and
function according to panel condition (normal or nal functioning). The other
gages are just illustrations and are obviously not active. Mving to the
left again, you can see you have a knob for simulated | eft and right
steering, a two position throttle, and a push/pull swtch for the parking
br ake.

12. S MULATED TEST EQJ PMENT PROV DED WTH THE LVS HYCRALLI C STEHER NG SYSTEM
PANEL

a. The first itemof test equipnent we'll discuss is the 0-5000 psi
pressure gage. To use this gage you sinply connect a test |ead that
simulates the gage's hose to the jack illustrated wth the gage and pl ug the
other end into the test jack at the conponent being tested. The gage itself
is adirect reading gage.

b. Myving over to the right of the illustrated dash panel you can see a
simulated flowneter. It works exactly like the flowneters you have in your
shops. S nce you have al ready used the flow neter during practical
application type training, there is no need to discuss howit is used again.
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c. Therenmaining test instrunent is adigital mitineter. It works just
like all other digital multineters you have been exposed to. You sinply
connect the |eads, power it up, and sel ect the appropriate function swtches
for the type electrical test youintend to doto use this neter. To the |eft
of the multineter, you wll see a conmon ground jack that can be used during
el ectrica testing.

13. WUSE GF MEE ACTI QN AND STATUS SWTGHES

a. The node swtches are used in conjunction wth conponent sw tches.
For exanpl e, when to press the conponent swtch for the |eft yaw cylinder,
two node swtches will light up; REPA R REPLACE and | NSPECT.  The |ighted
node sw tches give you your options as to what you can do, you sinply press
the one you want. Wen you agai n press the conponent swtch and the node
swtchit wll reverse the action, if appropriate. The first press of
REMOE I NSTALL, if that was an option, woul d renove the itemand the second
would install it. Inthis case if you had sel ected to inspect, a video woul d
appear on the nonitor show ng you the yaw cylinder. S nce we do not have a
fault inserted, it would appear in a nornal state. Renenber, the node
swtches are always used in conjunction wth a conponent swtch, never al one.

b. Action swtches, that we wll discuss now are used al one. These
sw tches can be used at any tine;, however, if you press one that woul d cause
a hazardous condition or that represents an incorrect procedure, the system
Wil detect that. Look at the five action swtches now what they are used
for is pretty obvious.

Cc. Let's say you used an incorrect procedure. Wat w il happen? That
leads us into the status swtches and the light. Notice the | NOCRRECT
PROCEDURES status light, it's not a swtch; however, when it lights, you w |
have to press the GEX SYSTEM QOO TION switch to find out what to do so you
can nove on. The incorrect procedure you took wll be recorded by the
conputer and the instructor wll be alerted. Utinately, the nunber of
incorrect procedures you take wll be used to determne if you have nastered
di agnosi s of steering systemnal functions.

14. TESTI NG THE LVS HYCRALLI C STHER NG SYSTEM I N THE NCRVAL GONDI TT QN

a. During the next hour, I want all students to use the panel in the
free play node and becone famliar wth panel functioning. BEach student at
the station nust use each of the itens of test equi pnent on the panel for
testing and al so, each shoul d exercise all the panel controls so you' |l know
how t hey work. Use your technical nanual in conjunction wth free-play
testing. Renenber, you wll get all nornal readi ngs.
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b. Gmmence free-play now |'ll advise you when your tine is up. The
assi stant instructor assigned to your student station wll be availabl e at
all tines to hel p you if needed.

15, DAGNGE S GF THE HRO GOMPLAILNT "VEH ALE STEERS HARD | N BOTH D RECTI ON\S'

a. Referring to the vehicle TM you can see that the first thing we
should dois toturnthe ignition off if it is on, place the transmssion in
neutral, set the parking brake, and put the hydraulic selector valve in the
steering position. Al students nust acconplish those steps now

b. MNow | want you to press the action swtch | abel ed "GHEXK MECHAN CAL
SYSTEM" A this tine you wll get a video sequence indicating the oil type
is nornal and there are no | eaks or danage to the system This is a check
that is described in the organi zational nai ntenance nanual. Get used to
usi ng both nanual s whil e working this panel.

c. Now we need to start the engine and attenpt to yaw steer. The TM
says it should not be possible to yaw steer wth the vehicle transmssion in
neutral. Note that the video indicates that the vehicle yaw steered.

d. Next, the TMtells you to check for 24 volts at the directional
relief valve. To do that we need to stop the engine and turn ignition swtch
of f.

e. To conduct the electrical test, you need to disconnect the wring at
the directional relief valve. To do that press the conponent swtch at the
sol enoi d connector and the node sw tch O SCONNECT/ GONNECT.  Note the vi sual
of the disconnected wring on the nonitor.

f. Now since we're going to check for voltage, you need to condition
your nultineter. Select 200 volt range, select the volt function, push
PEAKHAD to off and turn the power to nultineter on. Wth the nul ti neter
set up go ahead and connect the leads to the multineter. onnect the
negative voltneter lead to directional relief val ve sol enoid connector pin
and the positive | ead to the socket.

g. Turntheignition swtch on and read the miltineter. It is
indicating zero voltage. Ve know now that the wring nust be bad because we
shoul d be readi ng battery vol t age.

h. Nowto effect the repair, push the conponent swtch at the el ectrical
connector for the directional relief valve sol enoid and the REPA R REPLACE
node swtch. Wth the repair acconplished, we need to connect the connector.
Do that now by agai n pressing conponent swtch and the D SCONNECT/ GONNECT
node swtch. A so, stowyour test equipnent.
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i. To check the repair, you can sinply press GONDUCT CPERATI ON GHEXK
Snce we did a good job, we get a video nessage that the steering systemis
normal . You coul d have started the engine again and | earned that yaw
steering was not possible wth the transmssion in neutral. That woul d have
also told you the conpl aint was fixed.

j. To nove to the next |esson you now press the status swtch "LESSON
QOMPLETE. "  Wien you do that the video should informyou that |esson is
conpl ete and the "NEXT LESSON' light will cone on. If you want to free-play
the panel now you would have to do so before you call for the next |esson.
To nove on, sinply press "NeXT LESSON "

FEERENCES
Instructor Wilization Handbook (Device 11HL18)

TM 2320- 20/ 12
TM 2320- 34/ 13
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